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m«s *izttmm-*~*=-TtLx, it a D p n i w & & ^ m is -c # e r* *> a . * tt « * & 

K ■ £ T * a . rOct;>ftj##i:LTte, £ ft tUt ft S *!k t (0*0 7 >f ^ # 

y ^ - , mm Ms mm. mm, mmm, & tvmmttm&jkmts x & v > * 

m , 4i It , tr ^ ^ v . /n - ^ ft as ft , IH ff ffl *5 J: « A ffl , «»4fcli*Jie4fc(i| 
6M..K^M« 61* tfflJfci Tffc'fo£.®ns 7 Tte X 1/=- * fcTKikak <X*»], tiitfH 

[ 0 0 2 4 ] 
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*Ott*«:ii:r»*iii7 y-5i?*;u«riBritt5. t> t ft Xf 7 >s # )V m & ft Z> t . 
[ 0 0 2 5 ] 

I*B»«tt**tti:&»lt7!)-5$;*/uS:»*t5. S * HI MM *> » *tt # ft? tt ft 
**>Hf- tfBLT, SrftfflLT, fc 5 VM4 ® W ft 

[ 0 0 2 6 ]' t 10 

« & & n 56 -r e a * ■ ** m <o m * tt » # « tc » a 'a n k m * e * «$ « a* # w r «; a ?c 

( U" K ;y # X) K « * » * + 6 . : ©"U K ^*^»S*BttSll, E 1 i a s 31 2 
0 * ( t¥ ft 14 T IB # BB ) -CSE^bixTV^S. i§ BE R , ^ /u * * > K , *s 4 Xf t K o ^ ' 

* * K ft if 0) S M #r »J # , 4 7<D'#mi: i: 9 m*) *-T^ 0 ^fflfttt&i:LT(4 
v ( 1 ) T * > , ( 2 ) ^ yu * v/ K £ 14 t Kn^/u^^^Km-&BS*&SiJi:0«a^t>-fr 
tftSJJiai-ft.y, &4tf (3) ii«K«a«nMflj:^li«t>«-Cftffl$ti«E 
^KtK^S, */cl4^yu^77 p h-<-^co^^fe)^^ift ? tL5^^ : H C PS ^ J ii 5 t ^ t 
f4fti^p 

[ 0 0 2 7 ] 

3H£ . £ Ri ifi 0) £ L if i: L T (4 # W i (4 tt ^ f£ ffl rt 5 ^ <f b tt 5 0 SSft^fi?l4, 20 

[ 0 0 2 8 ] 

^ ffl ft fi BB #? »J K O ^ T (4 , r M a c r o m o 1 ecu 1 e s j % 2 # , r Jifi , H . 

G. El i a s , Plenum Press, 1 9 8 4 , New YorkCO^20 

*Jttf2 ltti^&Jlt^S. Wfflft»K*HI*&»Ji:LT(4. ( 1 ) 2 , 2 - T ✓ - f 

* - (^yy^n^hy/u) , '^f^2, 2 ' -7/-f^-0^f T V — 

(v?7x^;M^y) , 4-4' - r y - tr * - (4-ixry^v^vK) ft if co r >Mfc: 

£ $K ( 2 ) V ✓ "f /U ^ /U * K , > S /U A- * * •> K , tert-^^/U^/l^Th^ 
v K , > * d ^ 3f If 7 > * * *> K ; ^ /u ^ /V St ^ :* * -> K , 5 £ ^ f ^ ^ A* * * > 

K x J ^ A a: 'f- jv *r V > ic * -> K ft }£ (O s< /U it * > K > ( 3 ) teri— ^^/utK 30 
B^/^^r^Kfc'itf^^t K d -< /v at- * *> K ft if <n i@ R <k * m *5 4 15 fc Ko^^t^r 
•> K , ( 4 ) ig ft & *5 4 t/ i§ £ A § g$ ft if O ig ^ i: , i&tiim* \) <? J* k . iS « * T > * n 
A £ , ( 5 ) is y( V y d t° ig g$ ft if (7) i§ g$ 3i x r /u /j5 m if b ti 5 , r. tl PI ^ $ 
tl ^ t <£> -C <4 ft V.^ 0 

[ 0 0 2 9 ] 

*-fflft*{fc¥fi'&BB *fe -JH t LTli, ^ 3i h * r ir F 7x ; y/jti'o^^/Oi-r/u 

y^olf/^t^ty ^<fi:^^7!)-/^ h > £ s ^>v/u:fc4tf*/>!$igf£i:, 
S. P. Pappas^j - Rad. Cur. (1987^7^) 6^< — v/fif^?)^ 

ft 3. ~ $r h ^ ^ i| V t 2)5 * If <b tl 5 # , r tt (C |5g J£ S Jx S fc (7) TM4 ft ^ 0 40 
[ 0 0 3 0 ] 

x -7 /u g > a 

**Wo*fi^«e*4, x-?;uy a yl^ia^TSilt'^Sc A L T ^ ti (4 fL ft: M <D gb (t 

^fg^T^y-^-^ii^ti ^(c^tkt, ± a? o y y - 9 ^ * ^ fi ^ Ba s>j 

(4, ££#J («itf*fi^tt#B5Stt»J) , ^y-7-»^ftSrS/jN{b*34t//^^(4IBfiB 
x -7 i? 3 > a ^ X m TM4 , iSW»*y!>Afi^BBtefflfc4U58tK»-tt-b*ft»i:iii* 
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5 /i m * ffi V h Z> o 
[ 0 0 3 1 ] 

B*«:BI!ttB*tt««^R*»rtJc:i5Ai-5. ¥ ii tt » «s T 14 * */-7-*&/£®<7>-gB£ftfl 
lc fi £ £ T r - K j £ 7g $ L , »5*/^-«§j«»Srtt^9AJx-Cft«fnSje**5 

[ 0 0 3 2 ] 

Eiftasss^tet 1 *!, * y ▼ - * i a w « * set ft m m * r & s • a . 

^y^-:fc<fcU^#kft£#g<&#l4, gSJpJSttt'fc^o * y- - W * A.* , » * L < 14 
J»7!;-9^*/i'**B>*»T*)6«*BI*fc*lt:»lip-r*. SSi i*-C^-i? L t^S 

&.fcmmmmv>m&frt>, &&<tz tit t st- tit st*. 

[0 0 3 3 ] 20 

@ ara £<nfc»<oii«)fts?Mi l -c 14 , ( 1 ) ' = xvRs&y 7 n o> 

/u. (2) y^/i-^5 L yuyh>i6j:U J r-irh>ft ( i:'(7)^h>. (3) ^ ^ ;-/u*>J;t/x 
? / - ;u ft t* <n 7 A- - /u , (4)fl|WjS^J:t/55 : §K^^7K^,^<fc^^nb^lo^ 
±^«-&1*^««fbix2)^. :iil:R3t*n5t(OT'li4^ 0 L rt> L S *J 14 , » - l ot 
- 5 0 °C <n ffi. g 85 H -e fR ft T* fe 9 , 1 £ ffii #1 £ L T 7 ^ - ^01: 
ttffl$ixS^*^^-«*fc*4tt«ES:»*-frr, SCft^il/^fiJftCWLt^gtt-Cfc 
o T , S^(C*^ffi^»»»*RffSft^fcb*5ttltT-fco-C'bfi^ 0 ttffl"t5»^, 

* JH <r> m (4 , «LTSK;«i:S#J<0tta[»SrSl|SlcLTtt3 0-8 0 S fi % V fc * „ » t 
KliSfflwitt, J: 9 ¥V N RJ?i§g:£M#3/z#>{c: N R £ ft *3 <fc U< ® M <D m & S £ S * lc 

L T «J 4 0 % - 6 5 fi fi % CO ffi IS V fe ^ 0 1 - 30 

[ 0 0 3 4 ] 

^$fi^(cJ:oTfiK£;h,5&m£<*f;i, 6lkltlHMl:»l ^m*t, # * L < f4 tt 
0. 5 /im*a©/h^/j:?^^g^»ft*^U:H5T'f 5o # B # o ft; t4 . (1 
) riW * ^'Tfigte Sr* *T1-* , ££(4 (2) ^jit^ffctSi:^ «tt*t 

tlillf SEtt$r^tt5 4 5,ii % *tta**t(4*tt*ffl1>-eiB#Sii^-e 

* 5 . 

[0 0 3 5 ] 

StStW, 2-7;b*xf y u - H4^w^^*>»f SllSr^ttS t^, 40 
<■ Itt^^yBtilSrttti to^tlf bii5 Q #4 L^Stt* ;^-t L T 14 . 

7 * y/u8fcj:i;> y^s^sifbhs, 

[ 0 0 3 6 ] 

Sltt^y^-Htll, t'x/l.t'r^. N, N-^xf ;U7; / xf ;U ( ^ * ) T $ 

y u - k n , n - *s / ? r 5 j * t- jv o * ) 7 * y u - h s *jj:tfN-t - 

Stt^y^-<!rLT(4, N, N--^f^7^ yxf/b ( y * ) 7 * !J W — h *« ifc-tf *i 
[ 0 0 3 7 ] 50 
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* « S tt * fc fi # * tt * * J* 1- * fc ft (c . #fi^**lc«S«)ft/h^^v^*^^s-cfc 

;; ^ - » tt , « k * a £ * a & m & m k «■ * -r 5 » * * , k rr , «j:ffRiit(:fs« 

«r £ I* 1" - t *« r # 6 . Lfc^ott©(ftWlJ L^#tt*«#^ft#fc3eJtLfc:;ictt$}' 

* * ^ ft # » 14 * t»afl:l3^Ti*ltwBB*fctt!ISfe*fflt5:ii:J: 0 a-f 
>^6J:tfftJlti::*» v-*i©ttffil:S5 «t 51: L'tSfiiS 1x5. « L T * /h -c «j 

2 a 4 % o >r * # ^ x *^Lfc»tk»s:*i:5 0 -f*>tta©4tt, ^ * > o # ^- s 10 

^ft>ti?:$ft5o *^ 1 "5% fcM AS 15 £ A, if tf> g *5 
[ 0 0 3 8 ] 

#£L<f4#g£fli: Ht;, r -fe h > $ 14 y ;u ^ f ,v >r Y > ft !if W 1 OOt *.ffi O » j&* 

^1-5*^?Ptt&#J*T*^S!!$ft5 0 tt«t Ltli.'ftRxf ;i,4if(o*j|fttt-e4v>l 
^Si?rffifflLTUv\ * « ft tt T* ft V> S jg #J 14 , p-*JJ-jl./<#u-.* — &lfcm 

LT*|4-#^b»4JhTU^. #<bft£#S^tt:i4. ft I: ± t ij; ^ «t 9 # ;k il fa 

tt £ #J , 3 14 r< y y p /< y - /u , ^y-^,;x?;-^, fcitff F5t K o 7 5 20 

[ 0 0 3 9 ] 

»feftS»»*«#.Lft#e>, i&S (*I**3i58tt««It*»t5i*) £ 7t 14 i£ ( 
*l^*^Sitlf iS^^tt^i^) «>.*»iS.lc:»JB-i-5. «36tLTl4*[*ifc(4 

» (4 , **»As*^i4*icttA5©(cittfor*y^-Bia[^» ao # 5 0 

£ L "C (4 (1) 7 y ^ ^ 7 i: N 7 ; / > f / p /^y - yu N F !)'xf ;i/7 5 h y 

y-yuT^> x y^/ur^v, ^^^y>/i^li7;y, (2) & Jg * & , K fls 
to* # *V»m*ft Z#m\f bti& 0 m'W%» b LX ( l ) it S£ ft if o * a, ztf > g£ N 

*5 J; (2) H C I ft f <r> $L m # * tf & ft S . S^tt^^S (*Ulf7>^-7) * fc 14 
8» ( « A tf ft K ) 0 » % Mf£i-Z'(*>&m (*/^>87>*^n) 14 7* 4\ ft 30 

B^ft«i-S".i7c<0i6«»:|KteKRS£%AfeftS. ^ ft (4 * ft g£ <>: ig g| & tf) Pe^tc: N T > 
^ - T *s tt * £ OI»**ixSi:iB«M0*(c->7 h + S¥»tffcSfc»-C*>S 0 » * L 
< J4 « 1: * SJ , <t , 9»^L<l4^SJ: , 9t^)-f^MC'>ft^^^^<4^S$rffifflL-r, *6 H 
ic 12 if * tt <o P H ic ft 5 J: 9 ict^r t tfi*^wiSf^lttSrft/M:t5 0 

[ 0 0 4 0] 

#3g^tf>&fi£ft:f4, SSfSttffl* Li:i^l^fei: J: oTMItt 5o 1 10 ft ^ »i I: » 
**ii**b*t3p^ K->J*#»jUBt Lt*«*Ji5. rox*I£4£fflLT, If 40 

, m 3 CO , ^2(7)^LTf£ElC^30^y^-^^tp^y^-7 P U^^^^^Ki^i-^- 
^ff ^ 7* L' S *y * *I4 , * *S , »*L<li3D^ K->y *5 4l/«j»IS:*tta 

fl»^ty*^i^^^^n^)o w«*ictt#y^-(4, WfflftWftfcjacoiaasrft*i-6 0 

[ 0 0 41] 

a^^^pH{4^^^igerftL(C, 3-3 3, #*L<l4 4- 6(&ffiHl;:ftS<fc5U:Blfi5 

* ft * . ^^co^y-7-ico^ri4, ?l^^(7)ffl^ P Hi4. fi2. 5ggi:(6< fe^ : ^ 
*« "C # S . wWpHl43B-fK->y*#*y^-»||*JcJE4*4«)K + »iSVNas, % M 
*J*fcl4'>ir<0H»«:£*rLTfi^. ^«^®f£(4##lcii^pHT*t,T-tS 0 ^^teSr 
7y*x7Sfcli*K-CI6ILr, fipH4-6l:ftlti iSffilii LT*»4 50 
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tit m t a s * n ic m $ -45 # ^ r i as s s $ n t . 

[ 0 0 4 2 ] 

£ W a r i n g T, V ^y-fitllt fo 5 «t ?*Si|}»r^lC»LT, * ^ -e - 
*>av*tt-*ttfcf*Jk3tf) . >h ?g £ 86 # ft ic ig « $ *T|li«tC 5 «k 5 \z-f 5 „ fi 

[ 0 0 4 3 ] 

V«**IWIR*ftfc*«*#«rfti:* 0 -«||*#«Ei-5»*, & * 14 Z VMd [6| It T # » -f 
5. til IrI 355 o , jcf <t!«lrti:5;t))itt5, @*l4&*cD©>)fti,v<!:liii§£&&*-fS 

0 -C a * L < tt ^ tt a d ' k !> * ic J: o T fic # Jw e * <t * Ji'* . 
[ 0 0 4 4 ] 

$ II K: L , fi¥ & & IC f? # ft .'-5 t?lct5. 

[ 0 0 4 5 ] 

aTrostWKtot, %w<Dm*?£Mfrtt¥f®, m & % & «t v -t w fm o » *■ * *. e> ^ « 20 
(4 * n w o es h * a m m t s t> -c n tt t> . 1$ iz m <o <o & t> ng 9 w # ^ i* a * ± 5 . 

[ 0 0 4 6 ] 

f£ 1% fe 

»^a>e>B«*iiS='-7 l -f>'^«)prJitt ( % ft tt'lfttt) fe- J; x/ * it o. # ( £ »4 3gf ;fj 
) ^i¥fffi1-5fc*lc^fflLfc^^^j£ii, TTHCBKa^SJ:?!: 81 # <g K ft T- 

[0 0 4 7 ] 

FT «« 

ASTM D 4338-97,- TStandard Test Mathod f o r 30 

Flexi bility Determination of Supported 
Adhesive Film by Mandrel 'BendJ$:ttfl]LT«<S»a — r" 
>f > ^ CO nj Jgft £ S¥ « L/C o 0 . 12 5^ V ^ O (3. 2mm) d y KOit, S L 
TKlim^x^^rgE^ffi^^lC^ttrSfO, ? y y ? . #] ft % X>Tfmti<r>&±it*&&tL 
X tl M £ ft . 
{ 0 0 4 8 ] 

ASTM D 2979-95 fSta.ndard Test Method for 
Pressure-Sensi tive Tack of Adhesives Usi 
ng an Inverted Probe Machine] JrffiS IT, =1— <r>f 40 
y^fif* SrSfiLt, Po 1 yken Probe Tack Series 40 
0^^S(i, l.»ROK»xM»|| t IttRtldll cm, * i tfljt J 1 9 . 8 

g T fit ffl L o fVT'^i t>y;U0rfl|;5mmO7 7y V^u/^/ 

1 1 c«§t5. it&&mf&®*m& + *(0{zftmtettwte. 5 0 g * m . & * u < t* 3 

0g*l. t LT*t»i L< B0 gl:«L^«lf A*lTt5. *T ffl ft $t I* 4 , & «l 
[0 0 4 9 ] 

# 7 * c » ■ g 

Perkin-Elmer Model DSC 7 ^M£2E$**ft£<£fflLT,&#5() 
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y-r-tO;tf7*|tof£&g (T,) £ I¥ tf L fc e t>^/^7/l/;ftfttl05tT30» 
fig & it L fc „ 6-1 0 ^ y ^7AWBlT»tf5t>^/P Sr20t/»t-7 Ot^tl 
SOriCiO^LT^^r-vVL^o 1 5 Ot I: 1 »Sft)? L T ^ ^ *>? , /H8:4 0 , C/# 
f/ -C , - 7 Otlcftjptt; ftl:2 Ot/»T'l 5 Ot(;lT2iI|(0^^t^Jlto - 

[ 0 0 5 0 ] 

fclfcfllOa-^-fV^tt, ^^^^-^-^^fflLT, 1 4 0. 001 5-TV^ < 3 8 /i 

m ) <D# y * * r y * & j* ±x-mm l * »as*^-yyrti:fc^f 7 ott 1 0 # n 

6 *l L fc & , 1*0.. 00 15-T>^ ( (38/im) W = -^-f>^Sr#fc 0 tt BJc 3t £ o 10 

[ 0 0 5 1 ] 

H *S ffj 1 - 8 , ft & ffl A - D 

1 LCMo r t o n i z e d^^!l K(tl|S77^3rtl:, 100g(7)^-y^— ( T <0 ^ 

1 l:B>#*)S, 4*7^-*tt^7A*t*«). , 8 Om g.^EUkKI^. l 2 4. 7 
g<OK>ft>*,. 2 0 0 m g^ittS^ y 6 4mg W^IUKSt.h y 1 
got h y K7'>;^>ify^/^t - fci:(/2. 5g<DMazon, SAM 

2 1 1 7y^U>^y 7^3^.>rv^- ^^ /l/7l - ^|A||j|g ^'^j ( P P G 

Industries, Pi ttsburgh, PAd><bA^-C#5) £ 3$ A L fc „ 7 20 

7 * (c ^ y KtUtT, SIS, fc±tf«#**JS»Lfc. ft * : 4b Sr ft A 
^ y > y X' ^} 3 0 °C i^mm L X 2 5 0 r p-mTH#L*^e>, ^ s/ K*^-*£#jglL 
Ol|T'77 y *>a Lfc, 2 8mg(OK>{t>*f^5 0g^li8I-St*<kiaoSiS 
ft* 1 g * K A L . 77^^$:«ltLT, S*77 7'>a«:SA/t , 77^3fc3@K$S?| 
L fc 0 1 5-2 0»W««-«lR^jB#T2 0-2 5»gC5 5 t - 6 5 t t f - ^ I: I L 

tfc ® (c Lfctf-if^ffiigLT^^-lCAjixfco £#JT*?&m#:fcJ:tfJf#/< K^WHil: 
[ 0 0 5 2 ] 

Jt mm e 30 

# H # HF * 4 . 1 72, 1 2 2 f^J:t;^l 4 ) 552, 7 5 5 # TBS S tl 8 i 5 4 7 , 
[ 0 0 5 3 ] 

1 L <D 2K K ;HC , 2 8 0 gC7)a:^/u^g£ x 94. 6 g V t^^7^ y U - h , 11 

og0>*y-ry/w,?<**»jU'-K is. 4 g^rn^fi, fc<ti/E. i. du Po 

n t de Nemours & Co.,Wilmington,DE7^<bVa zo T 
M 6 7 <!: LTI^ ^ftlS 0. 77g<7)2, 2' ■- T ;/ fc' * ( 2 - ^ f h JJ /U) 

£ K A L fc o »bftt*iSt:»a5 L^«5»IIIIB»T/<-yLt«»L, «60tO* 

-e»6 3B*B»l5Lt. a9«rffU ( fc4>fiaiCti*tt««3AS*6iifc. 
[ 0 0 5 4 ] 4Q 
it « « F 

H zMC AO L T , 4 g <7) G A N E X V 2 1 6 (1 SP^feAftl, N - fcf ~ ;u t° 

T , GANEX V216O40%|«»S«^aKLf: 0 
[ 0 0 5 5 ] 
[* 1 1 
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2-EHA 

IBOA 

AA 

MAA 

T. ft) 

ffi*A(g) 

Pl81f 

It* A 

70 

25 

0 

5 

-39 

59 


it«B 

60 

35 

5 

0 

-26 

383 

'aft 

lt«C 

55 

40 

5 

0 

-19 

274 

"aft 

tt«D' 

25 

70 

0 

5 

39 

0 



NA 

NA 

NA 

NA 

NA 

316 


ItRF 

NA 

NA 

NA 

NA 

NA 

NA 


1 

60 

35 

0 

5 

-26 

0 

£tt 

2 

55 

40 

0 

5 

-19 

0 

£tt 

3 

50 

45 

5 

0 

-13 

29 

£tt 

4 

50 

45 

0 

5 

-9 

0 


5 

50 

40 

0 

10 

-13 

0 


6 

45 

50 

5 

0 

-4 

0 


7 

45 

50 

0 

5 


0 


8 

35 

60 

0 

5 

15 

0 

"raft 


2-EHA=2-I^rt^*v;U7$ 'J U— h 

IBOA=-f vmn,-)i,T<? U U— h 

AA=7$ 

MAA=>^^ y;Ht 
NA=*«ffl 


[ 0 0 5 6 ] 

<r> it & -e # ft \s u if ic m i> * ^3 £ *r u .fc „ fttfcWDttotffflfi-cstfyai^^/w^-f/wA 

*»f>*i«ii«^fcfcii>, ^ttttK«C^*ttT?feofc 0 *T ffl * £ fiK & «i s 3gf ^ R f& k -g- 
fc+£«i*«*5*£«:tfL, R»yp-^l:»ai:|HTL4V'. It tt *|. F tt « * 
5fi £ # (S -t € tz „ T , li ft ® 2j £• ft £ 1" 5 to Id £. -f L t £. g ft g * £ ft T- li ft v% „ -f ft fc> 

*> t , it , * > -f iv & Jtt # # f* $ ic t& -t s t' o *>> <r> a \>> m m v a ft ^ „ u«a*> k. 

u A- ft §Mc -g- ts'-t b 1z ft ic li . T . li ft 3 5 < C*i95-efc5'<#--Cfe5. 
[ 0 0 5 7 ] 
gjijEff) 9 

275g<02-EHA. 2 0 0 I BOA, 12. 5g£>MAA,*3«fcU<12. 5 g <0 

AAws^&ff, i. ogtom^ it mgcommzmmi. 55/40/2. 5/2. 5 

SW2-EHA/1 OBA/MAA/AA^SftJ 5 0 0 g ^-gS^ftfc, 3 

9 0 g<Oift'f^->'*fcJ;O t 0. 5 g <7) -f I- y 0 A Kfy^^^fy^/^t - h <t # (C , 
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K * « * T , & m » , $lftAP, fci(/S»S^|tf: e ftS^£**&7>^-C& 
6 OtCllliLt 3 5 0 r pmtftftLfc, 20g(7)Hft^^> 7 k c t 3 ^l. 2 5 g <£> 6£ & 

a a §i l fc o 75^3*2 o»fl6 ottftfe, ft i ■ o » ra tencmisjit^ . . 

— K3tfy^-£#fc 0 '20i g(7)»i^^v7K c t 3 04. 5 g(Ot b y >)a Kf->/v^yf y 

* h (DtsmzmA l'x\ mmtorvmw l s n z> 4 5 0 g o^/-^ - & ® o y u 

3: ^ yu ^ 3 > Sr H »! L fc o •> - K*»^-S:ttt5 2 L<0^^1) y h »t 8£ 7 7 * ^ ic s 
:©yux-7;u^ 3 ytftje gtiTLTSlDLfc, 8S ft] K ft IS l£ 2 B# 59 *» o fc. e gs 
JP* . )|j$«r2 0 0,r pml:«I Lt ; 8 0 < CT*2^raSJCSr»«fL, ft I: f t il t 7 f 10 

[ 0 0 5 8 ] 

g fij 1 0 jo <fc Xf 1 1 

¥ a Wt * ;v i> 3 > fi £ j: o r K it $ ft $ * - # y -v - 

il^j90^1?rtfflLT, 300gCO2-EHA > 1 7 5 g W'l'B O A, 2 5 g <7) M A 
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ACRVUC-BASBO COrOLVM BR COMFOSmONS Km 

Cosmstii: am> Pr. rs on a u Car £ 

Technical Field 

The present invention relates to compositions tor cosmetic and personal care, such 
o* skin, hair, and nails. In particular, the composition is on aqueous,* acrylic-based 
copolymer emulsion or dispersion that dries rapidly to form a flexible, non-sticky 01m. 


Background 

Polymers have been used to minimize or prevent the transfer of makeup or the 

(0 mash-off of sunscreen. Generally, these polymers arc h ydrop hobic and obtain their 
hydrophobicily from Ions chain alkenes (r.g., U.S. Pttleot Nos. 5,026,540; 5,171,807; 
5,219<59; 5,516,50?; 5.518,712; and 5,547,659) wrf fton, long chain olkyt 
<meth)acrylates <*.*., U.S. Patent Nos. 4,172,122 and 4.552,755). Also disclosed as 
having utility for the above slated purpose include silicone pressure sensitive adnesives 

15 (e.g., U.S. Patcnl No. 5,460,804), srvTcnc-etbylcnc-propyleot block copolymer* (e.g., US. 
Patent No. 6.060,072), or polymers containing long chain vinyl or allyl ester cornonoroert 
(e.g., U.S. Reissue 29,871). The polymers listed thus far generally have a low glass 
transition temperature (T c ) and ^ can oftco ,eavc fkin **** 011 uodesitablc sticky or 
tacky feci. They may ol«> have poor cohesive strength giving a greasy feel and causing 

20 staining. Makeup or sunscreen formulated using these polymers may be difficult to apply 
smoothly and uniformly, due to the polymers' dragincss thus leaving a leaden skin feel. 
Such a feel is undesirable, particalarly in lipstick. 

In nnother approach, some skilled in the art have used high T, polymers for 
cosmetic applications, e.g., in hair styling aids and in nail (accruers. In hair styling 

2> compositions, rhe high T s polymers generally are glassy due to the nigh levels of polar 
monomers used. Such monomers contain acid, amide, amine, or hydroxy! functionality, as 
■ described in U.S. Polenl No. 5.01 9,377. The high levtH of polar monomers in the polymer 
tan detract the polymer's ability to provide water resistance in cosmetic and sunscreen 
tbrni ulatiuns. 

35 In yel another approach, up to 20^ of hydrophobic high T e monomers, such as 

isobomyl avrytofc, have been used to prepare a terpolymer with polar vinyl ester and alky I 
malefic hall ester comonomcrs [cp.. EP 2$»?,025 and WO 98/51266) to provide stability 
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during the suspension polvmcrization, to ensure solubility in commercial cfcohol carriers, 
«nd to m'urimiie tuck. 

Nail lacquers ore generally applied 6pm organic solvent and hence h>tin>phobic 
high T, polymers, such as rutrocdlulose, are commonly owl U.S. Patent No. 4,767.703 

5 (Abrutyn) discloses an anhydrous nail lacquer composition containing 10 to 40* by 
Wright of a copolymer which is the reaction product of 5 to 30% by weight of diacctone 
acryhnudt with 60 to 95% by weight of (rrjeth>crytate esters of (a) 5 to 48% straight 
chain alcohols, (b) 5 to 60% cyclic alcohols, (c) 1 to 25% higher alkyt alcohols, and (d) 1 
to 30% alkoxy or aryloxy alkyl alcohols. The use of an aqueous carrier, solvent or vehicle 

10 component is not disclosed, nor is the use of these materials ia cosmetic and sunscreen 
compositions for skin and hair. 1 

U.S. Patent No. 5,662,892 (Dolkh, Jr. el o/.) discloses personal core comprjsitians, 
in particular hair care compositions containing hydrophobic, linear, random copolymers 
and a rofdrophobic. volatile, branched hydrocarbon solvent for the copolymer. The linear 

13 copolymers are formed from the random cc^olymcriza^on of A monomer units and B 
monomer units. The A monomer units ore one or more hydrophobic monomer units that 
would form a homopolyroei having a T, of at least 90* C. The B monomer unit* are one 
or more hydrophobic monomers that would form a homopolymn having ft T, of* less than 
»boui 25 e C. The copolymers, vrtten dried to form a film, have o T t oral least about 30*. 

20 C, and lend to have low stickiness and provide good style hold. 7Tie linear copolymer is 
soluble in the branched chain hydrocarbon solvent. But. the hydrocarbon solvent is 
insoluble in aqueous carriers of the composiuon. Upon drying, the pr efe rred hydrocarbon 
solvents help to obtain a smoother polymer film. Other advantages of using the 
hydrocarbon solvent were discussed. Sec column 7, lines 1 0 to 25. 

25 While the technology discussed thus far may be useful for cosmetic applications, 

oti>cr comrxnilioTtt arc sought. 

Summary 

Tht'prc^iij invention provides for new compositions for cosmetic and persona] 
30 care applications, where compositions contain non-sticky hydrophobic polymers in an 
aqueous carrier, solvent or vehicle. Advantageously, such corrirwitions can he used for 
skin, l*ir, and nails. The compositions provide improved resistance against abrasion, 

-2- 
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transfer, water, perspiration, and humidity while having excellent gloss, fed, and self ' 
adhesion. 

In brief nanwary, in one aspect, the inventive composition ii in the form of on 
aqueous emulsion or dispersion, (he composition comprising: (a) at least one copolymer 

5 comprising (i) about 10 to 85 weight percent of (inem)acrylaie ester of C«4t> Cu straight 
and/or branched chain alkyt alcohol, (conveniently labeled as » first monomer), (ii) from 
about 10 to 70 weight percent of (mcth)acrylate ester of a saturated or unsaturated cyclic 
alcohol containing 6 to 20 carbon atomi ( c e mv era entry labeled as a second monomer), and 
(b) on aqueous carrier, solvent, or vehicle component end when die composition is used in 

to hair applications, it n not a reshapable cornposhion. Blends of two or more disclosed 
corxirymcrs are also useful Optionally, the copolymer can have up to about 20 weight 
percent of a bydrophilic mcmorncr (conveniently labeled as a third monomer). The weight 
percentages of the Cm, second, and, if used, third monomers, are based on the total weight 
of the monomers used. 

is The term **(roeth)ocrvtaie" is used to mean both acrylatc and ascthocryialc. The 

tern ^dispersion" means generally a two phase system where one phase contains discrete 
particles distributed throughout a bulk substance, the particles being the disperse or 
interna] phase, and the bulk substance the continuous or external phase, la Oris invent ion, 
Ihe continuous phase is the aqueous phase and at least a portion of the polymer exists as 

20 the discrete particle. Dispersions are possible through the use of certain components that 
arc insoluble in the water system. By "dispersion," il Is also meant that not necessarily the 
entire polymer needs to be water insoluble; some of the polymer can be soluble in the 
wtter mixture. It is desirable that the dispersion remains stable under ambient conditions. 
Preferred dispersions arc stable at room temperature for more than 30 days, preferably 

2S more than 90 days, more preferably for more than 1 80 days, and mosr preferably for mote 
than 360 days. The term "blend" a used to mean a mixture of rwo or more polymers that 
. differ in Ibe ratio of monomer components, the chemical structure or the monomer 
uxnpunciUs, the monomer sequence distribution, and/br the poryrner's molecular weight 
distribution. 

30 Home inventive compcsiti.ins, in film form, possess "self adhesion'' properties 

because they preferentially adhere to themselves or a chemically similar material under 
pressure or force without the need for significantly elevated temperatures (e.g. without tiu: 
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need for temperatures above about 50* C). Pitfemd compositions of the brvention exhibit 
self adhesion properties immediately upon contact lo ihdfal room reuipcratatc (about 20° 
to 30" Uy As u*ed in the previous sentence, the term "immediately" means less than n few 
minutes, e.g.. about Ovc minutes, preferably less than one minute, more preferably less 
5 than 30 seconds, depending oa the apphestioo. 

An advantage <tf the inventive cornposition is its ability to form hydropbobio films 
making it useful m onsmelio and personal cere applications. Such applications require 
some amount of water resistance, transfer resistance, or substantivdy to skin, nails or hair. 
Illustrative cosmcUo applications include, e.g., mascara, foundation, rouge, face powder, 

to eyeliner, eyeshadow, nail polish, and lipstick. t«., color cosmetics. Illustrative personal 
cere applications include, e.g., hair care products, insect repellent, skin moisturizer, skin 
cream, body lotion, hody spray, and sunscreen. In one cosmetic or personal care 
embodiment, the composition comprises less than JO weight percent of the copolymer, 
' based on the total composition weight 

15 When the inventive composition is used in hair care products, such as shampoos, 

conditioners, gds, mousses, and the like, the dispersion can provide faster drying. It can 
be used alone as a hay styling agent or used at low levels in combirmtion with other hair 
styling resins to improve thctr humidity resistance. The hair care products, as described 
herein, are not "reshapuM*- hah styling compositions. "Reshopablc" hair styling 

20 composition means a composition that can be restored or modified without new material 
or heat being applied. For example, in order to restore or modify the hairstyle in case of 
"drooping" or loss of setting (dishe vctmcnl), no new material*, such as water or any form 
of fixing ogera. or heat art required. The composition can be long lasting, such as 1 0 to 24 
' hours, giving rise to a durable styling effect. 

f^tgi^peycription, of the J n. version 

As described above, in one aspect, the inventive composition contains on aqueous 
carrier, solvent or vehicle and ai leusi one copolymer having a first monomer, a second 
monomer, and optionally a third monomer. '11k amount and nature of each component is 
30 chosen such that, upon drying, the inventive composition forms a flexible, non-sticky film 
Iwving good cohesive strength. In some embodiments, the composition also possesses 
self-adhesion. Each nf the components constituting the com pes i I ion is discussed in detail . 
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below. At used herein, "copolymers" can be produced from ft single monomer or • single * 
hornopolymer, from two or more monomer* or from o polymer and one cw more 


The Erst monomer is hydrophobic in nature. It constitutes from about 10 to &5 
weight percent of the total amount of monomer used The first monomer b a 
(mc1h)ocrytate ester of C* to Cit straight nndto branched chain elkyl alcohol. Prefentd 
first monomers include, eg., isooctyl (meth)aciyt8te, n-biriyt (mcth)scrylale, tsobutyl 
ocrylatc, t-butyl (meth)a£ry!ate ( 2-metfaylbutyt acrylate, 2-cthyihexyi (rncth)acryiatc, n- 
octyl {mcth)acrybtc, tsooooyl (mctb)acrylate, laiiryl (mcthjacryiatc, octadccyl 
(meth)ocr)1atc, and mixtures thereof. Particularly pr e ferre d first monomers include 2- 
ethyl hex yt ocrylatc, n -butyl ecrytate, isooctyl acrytate, 2-metbyibutyl acrylate, and 
s thereof. 


The second monomer is also hydrophobic in nature and, generally speaking, has a 
higher T, than the first monomer. The second monomer constitutes from about 10 to 70 
Height percent of the rota! amount of monomer used. It is a (rnctMacrylale ester of a 
saturated or unsaturated cyclic alcohol containing 6 to 20 carbon atoms. Preferred second 
monomers include, e.g., nonfunctional acrylate or methacrylatc esters of (II bridged 
oycloalkyl alcohols having at least six carbon atoms and (2) aromatic alcohols. The 
cycloalkyl and aromatic groups may be substituted by C| to C* alkyl, halogen, cyano 
groups and the like. Particularly preferred second monomers include bic>xlo|2a.l]bep1>4 
(mcth)acrylate; adamant (mcth)acryiate; 3>dimelbyladamantyl (mclhjacrylatc; 
isnbornyl (meth)acrylarc: toh/1 (meth)*cry1aic; pjienyt (mcth)acrylate; t-hutylphenyl 
(mcih)acrylatc; 2-nnphthyl (metn)acrytate; benzyl methacrylatc; cyclohexyl methac-rylatr: 
menthyl methacrylatc; 34,5^rimcthylcycloh«yl methacrylatc; dicyxlopcntcnyl 
(mcth)acrylate; 2^diuyclopcnlcnyloxy)ethyl {mclh>uidalc; and mixtures thereof. 
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QgyaasLIM Mop^r 

In tome, embodiment* of (he invention, the copolymer further contains a third 
monomer, which constitutes up to about 20 weight percent of the tola] amount of 
monomer used. The thin} monomer is a hydrcphilic monomer. Incorporation of 
s hydro phitic monomer can improve adhesion, allow for removal with woep or shampoo, and 
provide stabilization to allow dispersion of the polymer into water. Removability is 
typically desired in hair care applications, such os shampoos but not in applications where 
tons-lasting effect is desired, such as sunscreens, mascara, and lipstick. 

The bydrophilic monomers suitable for use in (his invention are those having 

10 hydroxy t, clhcr, amide, amine, and cartxwylic, safforric or phosphoric acid functionality. 
Representative examples include (roeth)acrylamioc; 2-etrw*yetfayl (roeth)acrylatc; mono 
(mcth)acrylotes of polyethylene glycol monoethers; N-vtayM^yrrolklone; N-vinyl 
form amide; N-vinyl ocetomide; 2-bydroxyethyi (meth)acryfaitc; bydroxyptnpyl aery late; 
vinyl pyridine; N.N^iemylarainocthyl roc&acnrUtc; N.N^in^thylisminoclhjl 

J5 (mdh)acn-lattr; Rt-but) iarninnetbyl acrybtc, acrylic acid, methacrytic acid, itaconic acid, 
maleic acid, fumaric acid, vinyl benzoic acid, 2-caxboxyethyi awytate, 2-sutfoethyi 
(mcth)ocrylarc, and 4- vinyl phenyl phosphonio ocid. Preferred bydiopfaiUc monomers are 
aorytic acid, rnetrujcrylic add, N -vin yt-2 ^ j-rroli done and mixtures thereof. The amount of 
hydtophilic rnonornci preferably docs not exceed about 20%, more prcrerahly about 10% 

20 of the total weight of all monomers, auch that excessive hydrophjJictty is avoided. Those 
skilled in the art, however. wiU recognize that a m onome r such as 2<crhoxyethyl 
methacryiale is less hydrupfrilic (ban a monomer such as acrylic acid and hence can be 
used in higher amount without imparting excessive hydropfajlidty. 

The copolymer may include other monomers to improve performance, reduce cost, 

25 or for other purposes, provided Out such monomers arc used in an amount that docs not 
render the composition hydruphilic 01 tacky. Examples of such other monomers include 
vinyl esters, vinyl chloride, vinylidenc chloride, styrene, (mcrj»)acrvlnte esters of C, to Q> 
alkyl alcohols, macntmolecular monomers such as rwwoacrylic ftiramonal polystyrene and 
polydimcdiylsilnxaiie, and the like. 


30 
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Blends, 

The inventive composition con comprise ■ Wend of two or more copolymers. 
Among other (eohnkprcs, these blends can be formed (I ) by mixing two or more aqueous 
dispersions or emulsions or (2) in e multistage, sequential polymeria ion process where a 

5 second polymer is generated rn the presence of a first polymer. Blending provides another 
option allowing modification of the final properties. For example, a blend of a given 
copolymer composition having a low molecular weight distribution with the same 
copolymer composition having a higher molecular weight distribution can give o 
dispersion or emulsion with improved film forming characteristics while maintaining good 

10 cohesion in the final film. 

Aqueous Carrier 

The inventive composition takes the form of an emulsion or dispersion in an 
aqueous carrier. The carriers include water, water miscibte solvents, such as lower 

13 alcohols, eg., C to C branched or straight chain aliphatic alcohol, and combinations 
thereof. The preferred water misciWc solvents are cthanol, n-propanoi. and 2-prnpanoi 
(IPA). Preferably the solvent to water ratio, when solvent is used, is 20:80 to 90: JO 
wcightMeight, and more preferably the ratio is 30:70 to 85:15. In general, higher water 
misciblc solvent amounts will result in a corjpositioo that exhibits faster dry times. 

20 The solvent system may also comprise additional solvents. For example, other 

rapid evaporating solvents may be used, snob as bexaroetiryktisiloxanc (HMDS); cyclic 
silicones (D* and Dj): C«-Cw aDuoes including isoparafira such as Permethyt 97A and 
lsopar C; acetone; hydrolluoroeihtrs (HFEs) and the like. Certain HFEs, such as HFE 
7100, have the odded benefit in certain applications. When it is added to hydro-alcohol 

25 mixtures in levels above about 15 to 25% by weight, the composition becomes non- 
flammable. 

Cosmetic Compositions 

The inventive eimdskm or dispersion is useful by itself for cosmetic purpose:. 
10 without addition of other materials, for instance us a hair fixative, skin barrier, or clear nail 
polish. It can also be formulated with other ingredients known to the cosmetic industry to 
give cosmetic compositions containing un aqueous component. Such ingredients include 
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emollients, hnmectarts, other film forming polymers, propellents, pigments, dyes, buffers, 
organic and inorganic suspending and thickening agents, vaxes, surfactants and 
cosurfactarrts. pUstkuzors, preservatives, flavoring agents, perfumes, and active 
ingredients including sunscreen agents, insect repellents, vitamins, herbal extracts, 
S anttpersptrent and deodorant agents, skin 07 hair bleaching or coloring agents, depilating 
agents, antifungal and antimicrobial agents, aniidaodniff and antiacne agents, astringents, 
and com, callus, and wart ce movers. 


10 The Inventive copolvmers of the present invention irsry be prepared using emulsion 

polymerization, solution pol>meri2attcm followed by on inversion step, and suspension 
polymerization. The methods use initiators (bat. through various techniques, are 
decomposed to form free radicals. Once in their radical form, the initiators react with the 
monomers starting the polymerization process. The initiators are often called "free radical 

15 initiators " Various decomposition methods of Hie initiators are discussed first, followed 
by a description of the emulsion, solution, and suspension polymerization methods. 

The initiator can be decomposed bomotytically to form tree radicals. Homolytic 
decomposition of the initiator can be induced by using heat energy (thermolysis), using 
light energy (pltotolysis), or using appropriate catalysis. Ughl caergy can be supplied by 

20 means of visible or ultraviolet sources, including ion- intensity fluorescent black light 
lamps, medium pressure mercury arc tamps, and germicidal mercury lamps. 

Catalyst induced bomolytic decomposition of the initiator typically involves an 
election transfer mechanism resulting in a reduction-oxidation (redox) reaction. This 
redox method of initiation is de scri bed in Elias, Chapter 20 (detailed below). Initiators 

25 such as pcrsuljates, peroxides, and hydroperoxides are mure susceptible to this type of 
decomposition. Useful catalysts include, but are not limited to, (1) amines, (2) metal ions 
used in combination with peroxide m hydroperoxide initiators, and (3) bisulfite or 
me reaplo- based compounds used in combination with persuifale initiators. 

Presently, preferred methods uf initiation comprise thsraKilytis or catalysis. 

jo Thermolysis has 00 additional advantage in thai it provides ease of control of the reaction 
rate and exothens. 
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Uscfiri initiators ore described in Qiaptcn 20 & 21 Mauomolecukx, VoL 2, 2nd ■ 
Ed., H. O. Bias, Plenum Press, 1 984, New York. Useful thermal tnBirdoTi uxdude, but tir 
not limited to, the following: (I) azo compounds such as 2^-«»>*i4<«ooot>Tonitrile), 
drnrcthyt 2^-ozo-tns-isobuf)Titc, izo-tt 5 -(diphenyl metnaneX 4^azo-bis-(4- 
S cyanopctrtanoic acid}; (2) peroxides such as benzoyl peroxide, cvmyl peroxide, tert -butyl 
peroxide, cjtJohexanone peroxide, glutaric Kid peroxide, Uuuoyt peroxide, methyl ethyl 
ketone peroxide; (3) hydrogen peroxide and hydroperoxides such as tcrt-bulyl 
hydroperoxide end cumene hydroperoxide; (4) perscids such as perooetic acid and 
per benzoic acid; potassium pcrsulfale; ammonium persulfkte; aod (5) pcrestcn such as 
10 diisopropyi percarbonxte. 

Useful photochemical initiators include but ore not limited to benzoin ethers such 
bs dicthox>-acctophcnone. oxirniuo-kdones, acyrphosphioc oxides, diaryl ketones such as 
benzophenoae and 2-iso propyl thioxanthonc, benzfl end Cjutnone derivatives, and 3- 
kctocnumsrms as dcscrilwd by S. P. Poppas, J. Rod. Gnv July 1987, p.6. 

13 

Emulsiop polvmenzatipn. 

The copolymers of the present invention can be made by emulsion polymerization. 
In general, it is a process where the monomers are dispersed in a oontinuous phase 
(typically water) with the aid of an cmulsifiet and polyrnerizrd with the free-radical 

20 initiators described above. Other components that are often used in this process include 
stabilizers {e.g., copolymcnzabie surfactantsX chain transfer agents for minimizing andfar 
controlling the polymer molcculttt weight, and catalysts. The product of mis type of 
polymeric-it ion is typically a colloidal dispersion of the polymer particles, often referred to 
as "Intex." In one preferred emulsion polymerization process, a redox chemistry catalyst, 

25 such as sodium mctabisulfrtc, used io combination with potassium persuHate initiator and 
ferrous sulfate heptahydrote, is used lo . start die polymerization at or near room 
• temperature. Typically, the copolymer particle . size is less than one micrometer, 
preferably less than 0.5 micrometer. 

Cmuision polymerization can be carried out in several different processes. For 

SO example, in a batch process me components arc charged into the reactor at or near the 
beginning. In a semi-continuous process, a portion of the monomer composition is 
initially polymerized to form a "seed" and Ihe remaining monomer composition is meiercd 
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in and reacted over an extended time. In one exemplary multistage process, a teed 
polymer of one' monomer com p osi t ion (or one molecular weight distribution) is used to 
nucleate the polymeri ration of a second monom er composition (or the same composition 
with o different motecuUr weight distribution) forming a heterogeneous poljmer particle. 
3 These emulsion polymerisation techniques art »t1J known by those skilled in f he art and 
are vvfddy used in industry. 

Section no ^vmeri Ration endjpygtsjon 

The copolymers etf the present invention can be made by solution polymerization 

10 followed by an inversidn step. In one illustrative solution porymerizatioo method, the 
monomers and suitable inert solvents arc charged into a reaction vessel. The monomers 
and the resultant copolymers are soluble in (he solvent. After the monomers are charged, 
an initiator, preferably a thermal free radical initiator is added. The vessd is purged with 
nitrogen to create an inert atmosphere. The reaction is allowed to proceed, typically using 

IS elevated temperature*, to achieve a desired conversion of the monomers to the copolymer. 
| n solution pcHjTOerizanon, preferably the initiator used comprises a thermally 
decomposed azo or peroxide compound for reasons of solubility and control of the 
reaction rate. 1 

Suitable solvents for solution puhmerizatiuns include but are nol limited tu (t) 

20 esters such as ethyl acetate and butyl acetate; (2) ketones such as methyl ethyl ketone and 
acetone; (3) alcohols such as methanol and emanol; (4) aliphatic and aromatic 
hydrocarbons; and mixtures of one or more of these. The solvent; however, may be any 
substance which is liquid in a temperature range of about -10* C to 50° C, does nol 
interfere with the energy source or catalyst used to dissociate (he initiator to form free 

IS radicals, is inert to die rcoclants and product, end will not otherwise adversely affect the 
reaction. The amount ofisotvent, when used, is generally about 30 to 80 perc en t by weight 
based on the total weight of the reactants and solvent. Preferably, the amount of solvent 
ranges from about 40% to 65% by weight, based upon the total weight of me reactants and 
solvent, to yield fust reaclitm times. 

30 Copolymer* prepared by solution polymerization can be inverted to yield 

dispersions of small average particle size, typically less Ihnn about one micrometer, 
preferably less than about 0.5 micrometer. Inversion of copolymers can occur in aqueous 

.;o. 
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carrier or aqueous serf vent provided (hoi (I) they contain ionic functionality or (2) they 
contain acidic or basic functionality, which on neutralization vtetds tonic functionality. 

Copolymers containing acidic functionality arc obtained by oopolymcrizing acidic 
monomers. Suitable acidic monomers include those contaioing carboxylic acid 
3 functionality such as acrylic acid, methacrylic add. itneome acid, ttc; those containing 
sulfonic acid funcHooaltty such as 2-culfoethyl meihacrybrtc; and those containing 
phospbonic acid functionality. Preferred acidic monomers include acrylic odd and 
methacrylic acid. 

Copolymers containing basic functionality ate obtained by copotymeramg basic 

10 monomers. Suitable basic monomers induce Ibose containing amine functionality such as 
vinyl pyridine; N^NnJietbylanuriocthyl (mcth)acryiate', N^-dimtthyuuninoethy) 
(meth)acryiate; and N-t-burylammocthyl nay late. Pr ef e r red basic monosncn include RN- 
dirnc^lamboethyi (meth)acrylatc. 

In order to achieve water cornnalibiliry or dispersibilrty, a certain minimum ionic 

IS conteol in the copdyrner is required. The exact amount varies with the particular polymer 
formulation, the molecular weight of the copolymer, and other features of the individual 
copolymer. However, the addition of ionic groups, white increasing water roiscibiliry, con 
negatively affect polymer properties, in particular the water, perspiration, and humidity 
resistance that the copolymer imparts tit cosmetic formulations. It is therefore preferred 

20 that the ionic content cither be kept to the minimum amount required to yield stable 
aqueous d is per sio ns while maintaining other desirable properties, or that the ionic content 
introduced to achieve water dispersibiltry be oon-pcm mncg t in nature. As described 
below, this non-perm a nent feature is achieved by using a volatile, weak acid or bat* in the 
neutralization technique, thereby allowing the polymer to revert to its original state on 

25 coating and drying. Generally a minimum of about TA by weight of tonic content will 
yield a stable dispersion. The amount of the ionic group includes only the simplest of 
• extractions, i.r., the monomer from which Ibe ionic group is derived plus the base or 
acid used to neutralize it, as the molecular weight of the km. Preferred copolymers 
contain About 4% ionic content. Copolymers with permanent ionic content of over about 

50 1 5% arc too hydrophilic for use in most hair and skin applications. 

Preferably the copolymer is prepared in a wurer-miscibie solvent which has a 
boiling ix>inl below 100° C siich as acetone or methyl ethyl ketone. Alternatively, a rion- 
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wuter-misdbk polymerization solvent such as ethyl ratafee may be used. The non-water - 
misciblc p^vmerizatioa solvent may be removed bom the copolymer by using □ rotary 
evaporator. The resulting copolymer con then be dissolved in a woler-miacibk sol ran 
such as those described above ox mixtures including isopcapanol, methanol, etharoi, and 
5 tctrahydrofunm. 

The resulting solutions are added with stirring to an aqueous solution of a base, (in 
the case of copolymers containing acidic functionality), or aa acid (in the case of 
copolymers containing basic functionality). Alternatively, the boas or acid can he added to 
the polymer solution prior to adding water or adding to water. Suitable bases include (1) 

10 ammonia and organic amines, such as aininomcthy) ptopanol, tricihyl amine, triethanol 
amine, methyl amine, morpboline, and (2) metal hydroxides, oxides, and carbonates, etc.. 
Suitable acids include (1) carboxytic acids such as acetic acid, and (2) mineral acids, such 
as HCI. m the case of a volatile weak base (e.g., ammonia) or acid (e.g., acetic acid), the 
tonic group formed (on ammonium carbnxyiatc) is non -permanent in nature. For example, 

15 for an acrylic acid containing polymer neutralized with aqueous ommonin, the polymer 
remains as the ammonium accylate derivative when dispersed in water, but is drought to 
revert to its original free acid state as the coating dries oo the surface. This is because 
there is an equilibrium between the neutralized and free acid which ts shifted tjowards the 
free acid as the ammonia Is driven off on drying. Acid or base at less than an equivalent is 

20 . preferably used, more preferably at slightly less than an equivalent, to ensure near neutral 
pH and thus providing the lowest potential for skin irritation. 


The copolymers of die present invention can be made by a suspension 
25 polymerization roetiiod in the absence of surfactants. Instead, colloidal silica in 
combinaikm with a promoter is used as ihe stabilizer. Using this process, surfactant-free 
copolymers can be obtained with a relatively narrow particle size distribution. The 
preferred method involves making a monomer premix comprising die first, second, and 
optionally third monomer. The premix is combined with a water phase, preferably 
30 deionized water, containing colloidal silica, and a promoter. Amphtphilic polymers 
represent one class of useful promoters. 

-\2- 
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The pH of tiie mixture is adjusted sp m to be in the range of 5 to H, preferably m 
the range of « to 6, without coagulation of the particles. Rot certain rrumornert, the initial 
pH of the mixture can be u tow as about 2.5. This pH ii low enough for the colloidal 
silica to stabilize the monomer droplet, but the final product nay contain a small amount 
5 of coagulutn. Similar obscrvDUoa can be made at very high pH. It has been observed that 
when the mixture is treated with ammonia or hydrochloric acid to about pH 4 to 6, the 
reaction is more stable and the final product is basically fixe of coagohun. 

The mixture is exposed to high shear, such as thai capable in a Waring 1 * blender, 
to break, the monomer droplets down to a diameter size of I micrometer or less. The 
10 shearing action is then reduced to i tower agitation (or lemporarily stopped) to allow for 
the partial coalescence of the small droplets and formation of a suspension. Initiator is 
added. The silica-promoter mixture stabilizes the droplets and limits their coalescence 
yielding very uniform, and sometimes nearly monodisperse particles. The suspension 
L poJymerizalioo is completed under moderate agitation end a stable, aqueous dispersiOD of 
1 5 acrylic particles is obtained. 

The above described suspension polymerization has several advantages. For 
example, the method yields a copolymer with a narrow distribution of mean particle size 
and limited coalescence. When coalescence is present, the particles tend to -migrate 
toward* one another and can Cum large masses. Coalescence hampers the handling and 
70 transportation of the particles and thus is undesirable. The partioles ore strrically 
stabilized by the colloidal silica. 

Also, the mcttiod allows for copolymers mat withstand freezing temperatures, 
allow ing them to be redispersod after thawing. It has been discovered that the copolymer 
is stable, i.e., does not coalesce when the same volume of alcohol (methanol or 
75 isonropanol) and water is used in the dispersion. 

The following examples further illustrate various specific features, od vantages, and 
irthei details of the invention. The particular materials and amounts recited in Iheac 
30 examples, as well as other conditions and details, should not be construed in o manner lhai 
would unduly limit Hie scope of this invention. Percentages given are by weight, unless 
otherwise specified. 
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Test methods used to evaluate flexibility (or brittteness) and okkiuta (or lack) of 
coatings prepared from the materials described below ere industry standard tests as further 
* described below. 

flexibility 

The flexibility of each coating was assessed using ASTM D 4338-97, "Standard 
Test Method for Flexibility Determination of Supported Adhesive Films by Mandrel 
10 Bend." The coated polyester was folded with adhesive side out ova a 0.125 inch (3-2 
mm) rod and the development of cracks, fracture, or crazing noted as & failure. 

Thc tack of each coating was assessed using ASTM D 2979-95, "Standard Test 
1 5 Method for Pressure-Sensitive Tack of Adhcrives Using on Inverted Probe Machine.*' A 
Polyken Probe Tack Series 400 Tester was used with a dwell time of one second, o conlocl 
end removal speed of one centimeter per second, and a annular ring weighing 19.8 grams. 
The 5 millimeter stainless steel probe was cleaned with isopropanol between samples and 
five replicates were ran on each coating and averaged to give the results reported in 
:o Table 11. Materials useful in formulating cosmetic compositions have a tack value of less 
than SO grams, preferably less than 50 grams, most preferably equal to 0 grams. Useful 
materials will also possess high enough cohesive strength so that they do not cohesively 
fail. tiicTcby transferring residue to the probe. 

2J G)as s , T f? rt si t'On Tcmncfahtre 

The glass transit top temperature (Tg) of each polymer was assessed using a Pcriin- 
Elmex Model DSC 7 differential scanning calofimeter. Samples were dried in aluminum 
tins at 105" C for 30 minutes. Samples, ranging from six to ten milligrams, were scanned 
heating fmm -70° to 150* C a) 20" O'minuie. Afrcr holding at J 50* C for 1 minute, the 

30 sample was cooled to -70° C at 40 e G'minute, then scanned a second time to 1 50" C at 20" 
Omimrtc. The extrapolated midpoint of the inflection in this second beat is reported as 
thcT e . 

.14. 
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Preparation nf Coahma 

Coaling of the examples were prepared on 0.0015 inch (38 micrometer, urn) thick 
polyester film using 8 knife coster yielding 0.0015 inch (38 urn) thick coatings after 
5 drying for 10 minutes at 70* C in o forced air oven. These coating! were conditioned for 
74 hours at 22* C and 50% rdalive humidity prior to toting. 

Esarnnta I to K CprnpgTPtto fettmrte A to P 

Copolymers made by bet oh emu ls ion polymerization 

10 Into a occ liter Morronizrd split resin flask was charged 100 grams of rooooroos 

(detailed in Tabic I below, all monomer amounts listed in trams), 80 milligrams of carbon 
terrobromjde. 124.7 grams of deionized water, 200 milligrams of potassium persulfate, 64 
milligrams of sodium mcuhisuffitc, I gram of sodium dodee)1 benzene sulfonate, and 
2.5 grams of Mazon SAM 2 1 1 alkyfcne polyalkosy ammonium sulfate oopolyrncrixahlc 

15 surfactant (available from PPG Industries, Pittsburgh, PA). The head was placed on the 
flask and a thermocouple, nitrogen inlet, and mechanical stirrer attached. The headspocc 
was swept with nitrogen at I liter per minute while beating the contents with. infra red 
lamps to about 30* C and stirring at 250 rpm. About 1 gram of a solution of 28 milligrams 
ferrous sulfate heptahydrate in 50 grams dcrooiKd water was charged, the flaik scaled, 

20 and a vacuum pulled on the flask three times, breaking it each time with nitrogen. After 
1 5 or 20 minutes an exothenn is noted which peaks 20 to 25 minutes later at SS* to 65* C 
Reactor temperature b increased to about 75* C and held for one hour, and then the 
resulting latex w filtered through doubled over cheesecloth into a jar. In all cases 
moderate levels of coagulum were noted wound the thermocouple and stirring paddle. 

fomrarativ^r-xampleE 

An aorylete terpolymer such as the ones disclosed in U.S. Patent Nos. 4,172,122 
and 4,552,755 is made as follows. 

into a one liter bottle vras charged 280 grams of ethyl acetate, 94.6 grams of 
50 isuocty I aery laic, 1 1 0 crams of stearyl mcthacry bte. 15.4 g of acrylic acid, and 0.77 grams 
of 2,r-tttobis(2-methylbur>ioiiilrile), sold by E.I. du Pont de Nemours & Co., 
Wilmington, DE, as V»7r>™ 67. The resulting, solution was purged foi about 5 minutes 
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with nitrogen it 5 liters per minute, scaled, and tumbled in t water both at about 60" C for 
abort 63 boon. A buy, moderately thick solution resulted. 

CompprBrjve Exumpfo F ■ 
5 A 40% sol ids solution or CAN EX V2 16 (available from ISP, and believed to be a 

N-vinyl pymtbdorx/hexodoccTie copolymer) his prepared by dissolving about 4 grams of 
GAXEX V2 16 in about 6' prams ofcthyi acetate with gentle beating. 


Table I: Monomer Charges Used for BncJsiea Poiymertxatton 


Example 

2-EHA IIBOA 

AA 

MAA 


ITacMpl 

Flexibility 

Comparative A 

70 

25 

0 

5 

-39 


pass 

Comparative B 

60 

35 

5 

0 

-26 

• 383 

pass 

Comparative 

55 

40 

5 

0. 

-19 ' 274 

pass 

Comparative D 

25 

70 

0 

5 

39 j 0 

fail 

Comparative E 

NA 

NA 

NA 

NA 

NA ! 316 

pass 

Comparative F 

NA 

NA 

NA 

NA 

NA 

NA 

pass 


60 

35 

0 

5 

-26 

0 

pass 


55 

40 

0 

5 ! 

•19 

0 

pass • 


50 

45 

5 

0 

-13 

29 



50 

45 

0 

5 

-9 

0 

pass 


50 

40 

0 

10 

-13 

0 

pass 


45 

50 

5 

0 

-4 

0 

pass 


45 

50 

0 

5 

-3 

0 

pass 


35 

60 

0 

5 

15 

0 1 pass 


to 2-EHA ~ 2<*hythaiyl ncrrute 
1BOA * isobomyl acrytate 
AA ~ acrylic acid 
MAA «=• meOwcrytic acid 
NA » not applicable 

15 

As the data in Table I shows. Comparative Examples A, B. C and R had 
unacceptahly high tack values even though thc>- passed the flexibility test. Compilative 
Example U failed the flexibility test because it cracked and flaked off the polyester film. 
Useful compositions possess high enough cohesive strength to pass tack testing and not 
?o transfer residue to the test probe. Comparative Example F had too low a colicsive 
strength. The T t wus not a necessary requirement for determining tack, i.e., T, was not u 
good indwalm of whether a sample passed the tack test. But, to pass the mandrel test, the 
T t should be below about 35" C. 
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Example 9 

Tetropolymer made by swni-ctwiirtuous emulsion polynwrijatioo 

A solution of 1 .0 grams carbon telrabramide was prepared m a mixture of 275 

5 grams 2 -EH A, 200 grams IBOA, 12.5 grams MAA and (2J grams AA yielding 500 
grams of a monomer solution containing 55/'40/2.5.'2-5 parts 2-EHA/IOBA/MAA/AA. Of 
the total monomer solution. 50 grams was charged into a two-liter split resin flask along 
with 390 grams of deionized water and 0.5 gram of sodium dodecyl benzene sulfonate. 
The head was placed on the flask and a thermocouple, nitrogen iatet, and mechanical 

io stirrer attached. The contents were heated with infrared (amps to about 60* C while 
stirring at 350 rpm A solution of 1.25 grams potassium penulfatc in 20 grams deionizrd 
water was charged, the flask sealed, and a vacuum pulled on the flask four times, breaking 
it each time with nitrogen. The flask was odd at 60* C for 20 minutes, then heated to 
"SO* C over 10 minutes to yield a seed polymer. A pre-eroulsion of the remaining 450 

15 grams of the monomer solution was prepared by charging o solution of 4J5 grams of 
sodium dodecyj benxrne sulfonate in 201 grams of deionixed water to it and stirring under 
nitrogen. This prc-emulrion was added dropwise to the two liter split resin flask 
containing the seed polymer at a rate of 6 grams per minute. The addition took almost 2 
hours. After the addition, the stirring rate was reduced to 200 rpm and the reaction licit! at 

20 «0 6 C for two hours, Ihen the resulting latex was filtered through doubled over cheesecloth 
into a jar. Low levels of coagulum were noted around the thermocouple and stirring 
paddle. 

Ex amples 10 an d 11 
25 T copolymers made by semi -continuous emulsion polymerization 

Using the prooedurc of Example 9. rnonomer solutions of either 300 grams 2-EHA, 
- 175 grams 1BOA, 25 grams MAA, and 1 gram carbon tetrabromidc (Example 10) or 250 
grams 2-EHA, 225 grams 1BUA, 25 grams AA, and I gram carbon tetrabromidc (Example 
1 1) were polymerized. The monomer jjoiuliun of Example 10 contained 6055- ; 5 parts 
30 2- ERVIBOA/M AA. The monomer solution of Example 1 1 contained 50/45/5 parts 
2-EHA/iBOA'AA. 
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Example 12 

Heterogeneous copolymer made by sequential emulsion polymerization 

A first (nonoencf solution or 0.5 grams carbon trirabromide was prepared in a 
mixture of 150 grams 2-EHA, S7.5 grams 1BOA, and I2JI grams MAA. Of the first 
3 monomer sohrtion, 50 grams was charged into n Iwo-Hter spot resin flask along with 390 
grams of de ionized water and 0.? gram of sodium dodccyl benzene sulfonate. The head 
was placed on the flask and a thermocouple, nitrogen inlet, and mechanical stirrer 
attached. The contents were healed with infrared lamps to about 60* C while stirring al 
350 rpm. A solution of 1.36 grams potassium penulfate in 20 grams detonized water was 

to charged, the flask scaled, and a vacuum pulled on the flask four rimes, breaking H each 
time with nitrogen. The flask was held at 60* C for 20 minutes, then heated to 80" C over . 
10 minutes. Of the remaining amount of the first monomer solution, s pre-ernulsioo was 
prepared by charging a solution of 2 grams of sodium dodccyl benzene sulfonate in 80 
grams of de ionized water to the first monomer solution and stirring undo nitrogen. Thi* 

is pre-cmulsion was odded dropwise to the rwo-lurT flask at a rate of 6 grama per minute, the 
addition taking one hour. After the addition the reaction he W at SO* C for thirty minutes. 

A second pre-cmulsion was prepared by adding n solution of 2.5 grams of sodium 
dodccyl benzene sulfonate in 121 grams of deionrzed water to a solution of ,0.5 grams 
carbon tetrabroraide in a mixture of 125 grams 2-EHA. 1I2J grams ©OA. and 12.5 

20 grams AA and stirring under mtrogen. This second pre-emulsion was charged dropwi*: U> 
the two liter flask over the course of 1.5 hours. After the addition, the stirring rate was 
reduced to 200 rpm and the reaction held at 80" C for two hours, then the resulting latex 
was filtered through doubled over cheesecloth into a jar. Low levels of coagulum were 
noted as a scum floating at tbc top of the reactor. 

25 < 

Copolymers made by solution polymerization and inversion in water 

Into a 120 milliliter glass bottle was charged 24 grams of monomers (detailed in 
Table U below, oil monomer amount; listed in grains), 120 milligrams of carbon 
*0 tetrobromtde, 36 grams of mcthylethyl ketone, and 72 milligrams of 
aa>bis(isobutyronitrilc). The contents of the bottle were swept with nitrogen at about 1 
liter per minute for two minutes, then the bottle was capped and tumbled in a water bath 
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for 24 hours ot about 55* C yielding o moderate viscosity solution, 15 grams (containing 6 
prams of polymer or 8 J milTieqirivalents of csrboxytic acid) of the resulting solution *us 
charged into a 250 milliliter round bottom flask containing ■ solution or 0.67 grams (7.5 
mUliequi volenti, 90% neutralization) of 2*mij^2-rtjcthy10-propanoJ ia 14 grams of 
S dcrcrrized water with moderate agitation. The solvent was removed from ihc resulting 
dispersion by a rotary evaporator set at about 63* C at a reduced pressure of 40 kilopascab 
victims * milky white dispersion. The resulting dispersions were coated as described 
above. 

10 Table U: Mooorarr Charges Used for Solution Polymeria t» 0 and Inversion 


Example 

2-KHA 

JBOA 

CHXMA 

AA 


Taek W 

Flexibility 

U 

12.6 

9.0 


2.4 

-6 

0 

Pass 

14 

U.4 

10.2 

t 0 

2.4 

-6 

0 

Pass 

15 

10.8 

° 

10.8 

2.4 

19 

0 

Paw 

16 

8.. 

-s- 

13.2 

2.4 

33 

0 

Pass 

Comparative G 

6.0 


15.6 

2.4 

47 

0 

Fail 


CHXMA -cyolohexyl rncthacrylate 


Example 1 7 to 19, ConOTflljye Example U 
Copolymers made by suspension potymenzation 

«5 In a one liter Morton b*d split resin flask was charged 240 grams of a monomer 

mixture (detailed in Tabic III, all monomer amounts listed in grams). Added to the flask 
was b.9 grams Ludox™ 50 (50% by v* colloidal silica in water, available from Aldrich, 
Milwaukee, Wl), 360 grams deionized water. 0.42 grams adrpic acVVorcmanol amine 
condensate (a 50% solids used as a promoter, prepared according to the procedure 

30 disclosed in U.S. Patent No. 5,238,736), and 0.08 grams potassium aicbromale. The head 
was placed on Ok flask and a thermocouple, nitrogen inlet, and mechanical sttrTcr 
attached. The entire content inside the flask is mixed. The pH is measured and adjusted 
, by adding ammonium hydroxide to a pH between 4 and 5. The mixture was then 
transferred to a Waring™ blender and exposed to high shear (about 22.000 rpm) for six 

75 minutes total, using shear lot about two minutes at a time to avoid overheating the 
mixture. 

The mixture was then returned to the Morionized fladi and 036 grams of Vain 1 * 1 
frl (azo-bisCbobulyionitiile) initiator, available from EX du Pont de Nemours & Co., 
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Wilmington, DE) w« added. A nitrogen purge was started and tbc mixture is agitated 
gently for several minute* to lei the initiator dissolve. The agitation speed ii adjusted lo 
about 300 rpm and the temperature was set at tbout 50* C The reaction started witiiin 
minutes and was allowed to exo therm. After exotheraung. the temperature was 
5 rntintstned at about 60* C for about four hours. 


Table HI: Monomer Charges Used for Suspension Polymerization 


Example 

Farts 

2-EHA 

JBOA 

MAA j 

T.rC) 

TacktolKtaibitirr 

Comparative H 

70/25/5 

168 

60 

12 

•41 

135 1 

Pass 

17 

50/45/5 

120 

108 

12 

-14 

0 

Pass 

IB 

55/40/5 , 

132 

96 

12 

-22 

0 

Pass 

19 

60/35/5 

144 

84 

12 

-25 

'0 

Pass 


The "Parts" column indicates Ok parts by weight of the 2-OHA/JBOA/MAA 
10 components. Thus, for Example 17, of the 240 crams of the monomer mixture. SO parts 
by weight was 2-EHA. translating to 120 grams. The data in Table Ul shows that 
Comparative Example H. had unacccptably high tact . 

Example 20 
is Cosmetic example of body lotions 

An oil-in- water body lotion was prepared from (he emulsion polymer of Example ) - 
as follows. In separate vessels the components of Phase A and Phase B in Table IV were 
bcated to about 70* C with mixing. Phase B was added to phase A and hcjnocerrizcd 

using a high shear mixer. After cooling, o substantive, non-greasy, non-tacky body lotion ■ 
» resulted. Body lotions from the emulsion polymers of Examples 2, 6, 7, 8, 16, and 18 
were prepared in sinular fashion by replacing Example 1 emulsion polymer with the 
appropriate polymers from Examples 2, 6. 7, 8. 16, and 18. Tbc percentages in Table JV 
are might percent of die' total lotion composition. 
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Table IV: Oil-in- Water Body Lotion 


pbaseA 


Mineral Oil 

10* 

1 so propyl imristatc 

2% 

Gtveeryl stcanue 

3H 

Stearic acid 

4* 

Cctcth 20 

1% 

Lanolin ait 

0.6H 



Phase R 


Deionizcd water 

73H 

Ex. 1 Emulsion Polymer 


,HBC 

0.2% 

Tridhaool emint 

\2% 


Examples 2 l«nd 22 

Cosmetic examples of moisturizing foundation 

5 An oil -in- water foundation was prepared from the craobston polymer of 

Example 12 or a one-to-one Mend of the cmuhioro from Examples 10 and 1 1 as follows. 
A pigment masterbatch wax prepared by milling 80 parts of titanium dioxide wilh 9 5 parts 
of yellow iron oxide. 9.5 part* of red iron o*ule, 0.7 parts of black iron oxide, and 42.3 
parts of talc, fn separate vessels foe components of Phase A and Chase B In Table V were 

jo healed io 75' C with mixing. Phase A was added to phase D and hocsogcoiacd using a 
high shear mixer. Cooling under low agitation yields a creamy moisturizing foundation. 
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Table V: OU-in-Weter Foundation 


Pha« A 

Example 21 

'Example 22 

Mineral ©H 

9.4% 

9.4% 

Isopmpyi myrisiaie ■ 

4% 

4% 

Olvccryt stenrnte , 

2% 

2% 

Stearic acid 

2.6% 

2.6% 




Phase B 



Pigment master batch 

14% 

14% 

Deionlaed water 

56.2% 

56.2% 

Ex. 1 2 Emulsion Polymer 

8% 


Ex. 10 Emutsiun Polymer 


4% 

Ex. 1 1 Emulsion Polymer 


4% 

Lecithin ' 

2% 

2% 


0.4% 

T 0.4% 

HEC 

0.4% 

0.4% 

Triethanol amine 

1% 

1% 



$ An oil -in- water mascara was prepared from the emulsion polymer of Example A as 

follows. In separate vessels the components of Phase A and Phase B in ToWe V wexe 
heated to 70* C with mixing. Phase D was added to phase A and homogenized using a 
high shear mi*cr. After cooling, a flake-, smudge-, and water-resistant mascara results. . 
Mascara from the emulsion polymers of Example 8 and Comparative Examples A and B 

10 were prepared in similar fashion as was a control with water in place of the enralsioo 
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Table VI: Oil-b-Watrr Mascara 


Pha« A I 

Canxiba \Vax 

10% 

Isopropyi myrisuie 

6% 

GK-ceiyi steam te 

3% 

S tearic acid 

5% 

Block iroo oxide 

I OH 



Phase B 


Daonizcd water 

43.5% 

Ex. 4 Emulsion Pohmer 

20% 

PVP 

1% 

HEC 

02% 

Triethcnoi amine 

1.3% 


A portion of each mascara fonrurlalicn was coated with a knife coater onto 0.001 5 
inch (38 micrometers) polyester film to a dry coating thickness of about 0.002 inch (SI 

3 micrometers}. After drying at room temperature for about 24 hours, the coatings were 
qualitatively assessed for smudge resistance, tack, flake resistance, and water resistance. 
Smudge resistance was judged by nibbing with a finger end seeing how much had 
transferred to the finger. Tack was judged by pressing a finger down briefly and removing 
it, seeing how strong a bond was formed to the coating. Flake resistance was assessed by 

10 bending and excusing the polyester film and chserving if (he m-nscara coating cracked off 
the film. Water resistance was judged by suspending a I inch strip of the coated film in an 
agitated ?2*C water bath for about 20 minutes, then assessing the smudge resistance of the 
Mill wet coating. Examples 4 and 8 and Comparative B formed balls of coaling on 
nibbing in this test, suggesting that the circling integrity was still good, but the adhesion of 

i? the cording to the polyester had been compromised by the water. Results are shown in 
Table VI below. 


Table VII: Qualitative Testing of Mascara Performance 


Poryra»r Used 

Transfer 

T«.ck 

Flake 

Wet Transfer 

J None 

A lot 

Ltnv 

Some 

Complete 

Example 4 

None 

Low 

None 

Balls up 

Examples 

None 

Low 

None 

Balls up 

Comparative A 

Some 

Moderate 

None 

Some 

Comparative B 

Some 

Moderate 

None 

Balls up 


( 44 ) 


JP 2004-512292 A 2004.4.22 


Dam for Examples 4 and 8 thowd that (hey have »[) (he dealrahk features for a 
mascara application. The control sample containing no polymer lad unacceptabty high 
amount of transfe. Comparative example* A and B also showed some transfer and 
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WHAT IS CLAIMED IS: 

I. A composition in Ok form of in aqncntis emulsion or dispersion, mid composition 
comprising: 

$ (a) U least one copolymer comprising (i) about 10 to 83 weight percent of 

(oic*h)&cr>'!ate ester of Ct to Cm straight and/or branched chain alkyl 
alcohol (ii) about 10 tq 70 weight percent of (methjecryiate esta of a 
saturated or unsaturated cyclic alcohol containing 6 to 20 carbon atoms: 
and 

to (b) an aqueous carrier, solvent, or vehicle component, 

said composition oscd ior cosmetic and persona! care applications, wherein when 
aid cosmrtic application is a hair care composition, said hair care composition does not 
have a reshapeahk effect . 

15 2. The composition or claim I, wherein said (oXO component is selected from the 
group consisting of isooctyt (mrth)acrylaie, o- butyl (meth)acrylale, isobutyi acryiatc, t- 
but>1 (mew)acrytate, 2-methrlbutyl acryiatc, 2-cthylhexyl (mcth)acrvbte, n-octyl 
(rnethkcryUe, isooonyl (mcth)Qurytate, Uuryl (mcth)acrytate, ociadccyl (mcth)acryUlc, 
and combinations thereof. 

70 

3. The composition of claim I, wherein said (aX'i) component is selected from the 
group consisting of bicycio{2.2.1Iheptyl (rnclbbcrylaie; adamantyi (mctb)acrylale; J .5- 
dimethyladamantyl (melh)ocrylaie: isobomyl (mcth)8cryiate; tolyi (mcth)ocrytetc; phenyl 
{roeth)acry)ate; l-butylpheny] (mem)acrylate; 2-raphthy] (metb)acr>iate; benzyl 
3> meOucryiite; cyclone* y I mcthocrylatc; menthyl methacryiate; 33^rirnethylcj-ck»hcxyl 
methacrylate; dicyclopentenyl (mcth)acrylate; 2^dirnx)cpcotem-lo.xy)e1hyl 
(meth)aorylate; and combinations thereof 


J. The composition of claim I wherein said copolymer further comprises up to about 
20 weight percent of a hydrophjlic monomer. 
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3. The composition of claim 4, wherein said hydrophilic mortor no is selected from 
the group consisting of acrylic acid, methacrylic acid, N- vinyl -2 -pyrrol jdonc and 
oombiidsnns thereof 

S 6. The composition «f claim I, wherein said composition is formed into a film, said 
film having less than about SO grams of tack when tested according to ASTM D 297^*95. 


7. The composition of claim ), wherein said composition is formed into a film, said 
film passes the flexibility test when tested according to ASTM D 4338-97. 

1 The composition of claim I, wherein said copolymer has average particle W2C of . 
less than about I micrometers. 

9. The composition of claim 1 used in cosmetic and personal care applications 
15 selected from the group consisting, of mascara, foundation, rouge, face powder, eye liner, 

eyeshadow, lipstick, insect repellent, nail polish, skin moisturizer, skin cream, body lotion. . 
and sunscreen. 

i 

10. The composition of claim !, wherein said hair care composition is selected from 
2d the croup consisting of shampoos, conditioners, hair sprays, mousses, and fids. 

1 1 . The composition of claim I having a T e less man 3 5" C 

12. The composition of claim 1 further comprising ingredients selected from the group 
?> consisting of emollients, hurocctants, prupcllanls, pigments, dyes, buffers, organic 

suspending agents, inorganic suspending agents organic thickening agents, inorganic, 
thick enma agenls, waxes, surfactants, plasbcizcrs, preservatives, flavoring agents, 
perfumes, vitamins, herbal extracts, skio bleaching agents, hair bleaching agents, skin 
coloring agents, hair coloring agents, antimicrobial agents, and antifungal agenls and 
?0 combinations thereof 


13. The composition of claim 1 comprising a blend of said copolymer. 
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14. The composition of claim I , wherein said (b) componenl is selected from the group 
ainsisting of watei, C| to C« bnmcbed or straight chain aliphatic alcohol, and 
combinations thereof. 

15. The composition of claim 14, whereto said C> to d branched or straight chain 
aliphatic alcohol is selected from the group consisting of ethaool, rt-proparnl, 2-propanot, 
and combinations thereof. 

to 16. The composition of claim J 4 further comprising solvents selected from the group 
consisting of rwxarnethyldisUosane, cyclic silicones, C< to C lc attanes, acetone, and 
rrydrofluoroethers. 
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fH, CY t DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT. SE, TR) , 0A(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN. TD, 
TG) , AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, PH, PL, PT, R 
0, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW ' 

(72)3891# ^Vht- ^T^-yv 

T*»*£$tm, $*y? 5 5 1 3 3-3 4 2 7, ir> h tf-sU, t°- 3 
3 4 2 7 

(72)*91# *'<y-y, T/l"<-h 74: 

7>!)*^*I, 5 5 1 3 3-3 4 2 7, ±y h tf-JV, fc>-. sK??* 3 

3 4 2 7 

(72)fg^# ^ol^^V, =7^? a*. 

7*})*&mm, 5 5 1 3 3-3 4 2 7, t>h ifi-/V t fc>- 3 

3 4 2 7 . 

F^-^(#%) 4C083 AB232 AB382 AC231 AC242 AC352 AC371 AC422 AC511 AC542 AD091 
AD092 AD512 AD572 AD611 BB01 BB21 BB49 CC01 CC05 CC12 
Cqi3 CC14 CC19 CC20 CC28 CC33 CC38 DD23 DD41 


